Geothermal energy is one of the cleanest sources of energy which is gaining importance as an alternative to hydrocarbons. Geothermal energy reserves in China are enormous and it has a huge potential for exploitation and utilization. However, the development of the geothermal industry in China lags far behind other renewable energy sources because of the lack of fiscal and taxation policy support. In this paper, we adopt the system dynamics method and use the causal loop diagram to explore the development mechanism of fiscal and taxation policies in the geothermal industry. The effect of the fiscal and taxation policy on the development of the geothermal industry is analyzed. In order to promote sustainable development of the geothermal industry in China, the government should pay more attention to subsidies for the geothermal industry in the life-cycle stage of the geothermal industry. Furthermore, a plan is necessary to provide a reasonable system of fiscal and taxation policies.
Introduction
As one of the cleaner sources of energy, geothermal energy is an alternative to hydrocarbons and it has gained extensive attention for this reason [1] . Although geothermal energy is usually considered as a renewable source of energy, its degree of renewability actually depends on the rate of heat extraction and regeneration. Excessive extraction of heat can accelerate the depletion, reduce reservoir productivity, and in some situations lead to the subsidence. In the absence of policies aimed at promoting sustainable use of the reservoirs for the foreseeable future it is quite possible that the thermal properties of the resource will be reduced to a level that cannot support electricity generation [2] .
According to the guidelines, by the year of 2015, the geothermal heating area in China was expected to be 5 × 10 8 m 2 and the installed capacity of geothermal power generation was hoped to reach 100 MW; the total used geothermal energy would be equivalent to the energy produced by 2 × 10 7 tons of standard coal. The utilization of geothermal resources was expected to reach 5 × 10 7 tce by 2020 [3] . It is critical for China to utilize geothermal energy for sustainable development, as China is the largest country in energy consumption and the second largest economy in the world [4, 5] .
Scholars have done extensive research on the technologies which affect the geothermal industry in China. They have adopted quantitative and qualitative methods to analyze the technologies and make economic assessment of the geothermal development and utilization. While the technical feasibility of geothermal energy system may be visible in most geothermal energy studies, the risk and initial investment of geothermal energy are very high and the benefits achieved by geothermal industry can not be realized until 10 to 30 years later. Meanwhile, there is no systematic policy support on the development and utilization of the geothermal industry. In order to promote the geothermal industry, the basic challenge is how the fiscal and taxation system affects the geothermal industry. Therefore, this paper intends to use systematic dynamics to evaluate the current fiscal and tax policies. Firstly, a review of literature concerning geothermal research and some countries' experiences with the geothermal industry are presented. Secondly, utilization of geothermal energy in China is introduced in the following section. Thereafter, the section focuses on the characteristics of effect of fiscal and taxation policies on the geothermal industry and describes the systematic dynamic model to set the model for the geothermal industry. The section of the paper analyzes the various policies affecting the geothermal industry. In the last section, some interesting conclusions and recommendations are put forth.
Literature Review

Reviews of Geothermal Development
In the exploration technologies literature , Darrell [6] has reviewed the advances in production engineering; over the short-,medium-and long-term, production engineering continues to play an integral part in further advancing the use of geothermal energy throughout the world. As the literature indicated, to unlock a significant fraction of this vast geothermal energy source additional major technological advances were still needed. Geophysical methods were among the three main disciplines applied to explore geothermal resources, including geology and the chemistry of thermal fluids [1, 7] . Eugenio et al. [8] described a data integration tool used to identify potentially undiscovered geothermal resources in the island of Sicily. Freek et al. [9] reviewed the potential of remote sensing for exploring geothermal resources.
In the aspects of economic evaluation and sustainabilities of geothermal development, Carlos et al. [10] did an economic comparison between a traditional approach to geothermal projects and a well-head method. Liu et al. [11] compared geothermal power generation with traditional fossil fuel power and indicated the average cost of geothermal station during the life cycle which was significantly lower than that of the traditional fuel power station. Ibrahim et al. [12] analyzed the efficiency of a power station which was evaluated as follows: net electricity produced/thermal energy input. Sadiq et al. [13] reviewed the efficiencies of geothermal power plants based on the type of plant and the features of the geothermal fluid. Malafeh et al. [2] modified an economic model illustrating the application of fiscal instruments in geothermal development for electricity generation based on simplifying assumptions. Hähnlein et al. [14] and Martín-Gamboa et al. [15] stimulated sustainability and policy for the thermal use of shallow geothermal energy. The sustainable utilization of geothermal energy indicated that the geothermal energy was produced and used in a way that was compatible with the well-being of future generations and the environment. Shortall et al. [16] provided a literature review of the linkages between geothermal energy developments for electricity generation and sustainable development, as well as a review of currently available sustainability assessment frameworks.
In the issue of development policies in geothermal industry, Guan [17] pointed out that the development policies of geothermal industry were essential for the development and utilization of geothermal energy. However, she only summarized the policies in other countries. Daysh et al. [18] summarized the development of Wairakei geothermal power plant and illustrated Enactment of the Resource Management Act for development of geothermal power plant. Zhou [19] clarified the composition of geothermal industry including the business process and the organization forms of the exploitation and utilization of geothermal resources. Guo [20] summarized the investment risk of geothermal industry.
Up to now, there has been no study that systematically evaluate the fiscal and taxation policies in China. This paper fills a much needed research gap. Solving the problems of high initial investment and long payback time are imperative for the development of the geothermal industry. This paper adopts the system dynamics method, used causal loop diagram to explore the development mechanism of geothermal industry and analyzes the system of fiscal and taxation policies. Based on our findings, we propose policy recommendations for decision makers to establish the fiscal and taxation mechanism system.
Government Support on Geothermal Industry
Geothermal projects are capital-intensive and high-risk. Fiscal and taxation policies that could support the different phases of geothermal development are important to take into consideration [21] . Public mechanisms for supporting investments in geothermal energy exist at many countries. Kaneko argued that implementation of fiscal and taxation assistance such as Feed-in Tariff, tax-reduction, government subsidy for survey and construction cost would bring significant benefits both to the government and to the society. He estimated impact on electricity price if the subsidy had been issued to construction of the geothermal power plant based on Japanese model and he found that when the subsidy is granted 20% of the construction cost instead of 0%, the selling price could be economized by USD 1.3 cent/kWh less [22, 23] .
Geothermal policy in the United States started with the California Geothermal Resources Act of 1967 and the Federal Geothermal Steam Act of 1970. The royalty structure was reduced as an added incentive as follows: for electricity production, the royalties were: 1.75% of gross proceeds for the first 10 years; 3.5% after 10 years and a portion of the fees were sent to local governments. For direct-use the royalties were: Annual fee per well between $100 and $1000. Federal incentives began with the Federal Energy Security Act of 1978 which included the Investment Tax Credits (ITC), followed by the Public Utility Regulatory Policy Act of 1979 (PURPA), and the Production Tax Credits (PTC). The American Recovery and Reinvestment Act of 2009 (ARRA) was funded to approximately $400 million for a variety of geothermal projects [24] .
The mechanisms of fiscal and taxation policies were established which included R&D funding, investment aid, insurance solution, grants, contingent grant, guarantee for commercial loans, loan with redemption grant etc to lay the base for a geothermal market development in The Philippines [25, 26] , Australia [27] , Germany and other countries [28] . In the geothermal sector, there was a predominance of investment grants, in certain cases accompanied or substituted by zero interest loans. By increasing the competitiveness of electricity produced from renewable energies, feed in tariffs and tax reduction had a positive effect on the ease with which investors could obtain fiscal support for their projects [29] . Furthermore, federal income tax, state income tax, sales tax, property tax were free in Australia. France establishes two complementary mechanisms which include research guarantees and long term productivity guarantees. The research guarantee included the cost of drilling, the pumps, and the surface equipment and fee to be paid was equal to 5% of the investment while the fee of the long term productivity guarantee was paid annually for 10 years and represents 4% of the total cost of the installation which was proved to be successful overcoming many obstacles for deployment of geothermal energy [30] .
In Indonesia, Ethiopia and Kenya, the governments directly subsidized the risks in the investigation and evaluation of geothermal resources while geothermal power plants were constructed by governments and enterprises. In Peru, enterprises invested the geothermal power plant by themselves from the survey to the construction, but the risks of investment would be transferred to the governments. In Japan, government subsidies were substantially involved in the whole process of geothermal industry to promote the effective development of geothermal industry ( Table 1) . The governments should pay roles in improvement of accuracy in geological survey, capacity of supervision in drilling, evaluation in geothermal reservoir and its analysis. Achievements of these impacted on all the stakeholders of geothermal development [24, 31] .
The various mechanisms were the tools to boost the geothermal development. The fiscal and taxation policies were various from the aspect of state and local policies, technology subsidy and long-term support, subsidy of the whole life cycle of geothermal industry, subsidy for producers and consumers, feed-in tariff, tax reduction or free tax. The fiscal and taxation incentives gave the public support to dedicated to geothermal direct use and power generation and promoted to developing the geothermal industry. In order to guarantee the development of the geothermal industry, the Chinese government formulated a series of policies and regulations (Table 2 ). In 2002, Ministry of Land and Resources pointed out that the geothermal resources was one of the most important clean energies and the government planned to promote the geothermal industry. Implementing "Renewable Energy Law" in 2006, the government explicitly stated the importance of geothermal development and encouraged enterprises to develop the geothermal energy. After that, China attached great importance to the development and utilization of geothermal energy. China's National Energy Administration, Ministry of Finance, Ministry of Land and Resources, and Ministry of Housing and Urban-Rural Development jointly issued a document named "Guidelines on promoting of geothermal energy development and utilization" in January 2013 which was the first and complete document as an incentive for geothermal industry in China. It referred that the government should give the subsidies to the geothermal power generation.
At present, China has initially formed integrated development utilization system of geothermal energy [32] . It centers on geothermal power generation and direct use which is mainly for heating and cooling, spa treatment, tourism, agriculture, etc. Geothermal power generation can be divided into conventional power generation and enhanced geothermal systems (EGS) power generation. Conventional type in China usually divided into high temperature(above 150 • C) geothermal power generation and low-medium temperature geothermal power generation. Direct use of geothermal energy mainly be divided into heating and cooling of low-medium temperature geothermal energy which includes district heating, air-conditioning, greenhouse heating and industrial process heat and hot springs of shallow geothermal energy which includes bathing and swimming utilization. As to geothermal power generation and direct-use, China Academy of Engineering put forward the development goals in different time nodes (Table 3) . As can be seen in Table 3 , up to 2050, the scale of the low-medium temperature geothermal direct-use will triple the current value, and the shallow geothermal energy utilization can reach 50,000 MWt. The high temperature power installed generation capacity will be promoted, and stress will also be put on the development of the low-medium temperature and the EGS power generation [32] .
However, there was no practical support policy to subsidize the manufacturer or producers of geothermal industry and fiscal and taxation policies of geothermal industry in China still existed the problems in our country. The form of fiscal support was excessively single. Throughout current fiscal policies of geothermal industry in our country, the government had not yet established various supporting policies system. Meanwhile, China lack specific subsidy policies aiming at the process of exploration and development, technical research, and consumption and long term subsidy for geothermal industry. The taxation issues of geothermal industry in our country mainly were considered from three aspects of circulation tax, resource tax, corporate income tax. Up to now, our tax standards of geothermal industry was still applicable to natural resources standards. Fiscal and taxation policies did not match the purpose of this approach that our country put geothermal industry into the national strategic emerging industry [34] and it was difficult to achieve profitability for enterprises and consumers to promote the geothermal industry. If there were no corresponding preferential policies, the development of the geothermal industry would be severely hampered.
Utilization of Geothermal Resources in China
China produced approximately 27.32% of the world's total carbon dioxide (CO 2 ) emissions in 2015 (BP, 2016). This may be attributed to China's enormous use of fossil fuels, particularly coal [35] . In 2015, China's consumption of primary coal, oil, and natural gas reached 1.92 × 10 9 , 5.60 × 10 8 and 1.78 × 10 8 tonnes oil equivalent. In contract, renewable consumption was 6.27 × 10 7 tonnes oil equivalent. From 1980 to 2015, coal was the source of energy with the largest growth while the use of oil and natural gas also had considerable growth followed by renewable energy (Figure 1 ) [36] . Carbon dioxide emissions in China, which reached 9.15 × 10 9 tonnes carbon dioxide, had a similar trend as coal consumption. The values of average greenhouse gas emissions for power generation technologies have been calculated and they are 1004 CO 2 equivalent g/kWh, 543 CO 2 equivalent g/kWh, and 170 CO 2 equivalent g/kWh respectively for coal, gas and geothermal energy [37] . Meanwhile, the geothermal industry has positive impacts on poverty, the atmosphere, economic development, etc. It could increase the social development initiatives, displace greenhouse gas emissions from other energy sources, increase energy security and direct, indirect and induced economic activities and employment [16] . This indicates that the geothermal industry has positive environmental and social aspect effects and the government should promote clean the geothermal industry to lower the carbon emissione and enhance sustainability in China. Fiscal and taxation policies did not match the purpose of this approach that our country put geothermal industry into the national strategic emerging industry [34] and it was difficult to achieve profitability for enterprises and consumers to promote the geothermal industry. If there were no corresponding preferential policies, the development of the geothermal industry would be severely hampered.
China produced approximately 27.32% of the world's total carbon dioxide (CO2) emissions in 2015 (BP, 2016) . This may be attributed to China's enormous use of fossil fuels, particularly coal [35] . In 2015, China's consumption of primary coal, oil, and natural gas reached 1.92 × 10 9 , 5.60 × 10 8 and 1.78 × 10 8 tonnes oil equivalent. In contract, renewable consumption was 6.27 × 10 7 tonnes oil equivalent. From 1980 to 2015, coal was the source of energy with the largest growth while the use of oil and natural gas also had considerable growth followed by renewable energy (Figure 1 ) [36] . Carbon dioxide emissions in China, which reached 9.15 × 10 9 tonnes carbon dioxide, had a similar trend as coal consumption. The values of average greenhouse gas emissions for power generation technologies have been calculated and they are 1004 CO2 equivalent g/kWh, 543 CO2 equivalent g/kWh, and 170 CO2 equivalent g/kWh respectively for coal, gas and geothermal energy [37] . Meanwhile, the geothermal industry has positive impacts on poverty, the atmosphere, economic development, etc. It could increase the social development initiatives, displace greenhouse gas emissions from other energy sources, increase energy security and direct, indirect and induced economic activities and employment [16] . This indicates that the geothermal industry has positive environmental and social aspect effects and the government should promote clean the geothermal industry to lower the carbon emissione and enhance sustainability in China. China has rich geothermal resources, with a value of 3.06 × 10 18 kWh/year, accounting for 7.9% of the total global geothermal energy reserves [25, 38, 39] . From 2009 to 2011, the Ministry of Land and Resources reappraised the shallow geothermal energy of more than 287 local cities, the geothermal resources of 12 main sedimentary basin sand and 2562 apophysis mountains in hot spring areas, as well as hot dry rock resources at depths of 3-10 km [26] . The shallow geothermal resources approach 7.71 × 10 13 kWh/year in total and are equivalent to 9.486 × 10 9 tons of standard coal while the geothermal resources of all major basins in China are 6.93 × 10 15 kwh, which is equivalent to 8.53 × 10 11 tons of standard coal. The total hot dry rock resources at depths 3.0-10.0 km reach 7.00 × 10 18 kWh, which is equivalent to 8.56 × 10 14 tons of standard coal, while the value in the United States is 4.64 × 10 18 kWh (excluding Yellowstone National Park) [40] . Utilization of geothermal resources can be mainly divided into direct use and power generation in two ways. Direct use is mainly for heating, cooling, spa treatment, tourism, agriculture, greenhouse cultivation and so on. At present, the Yangbajing geothermal power plant using hot dry rock in Tibet is a model of geothermal power generation. In China, geothermal resources are geographically concentrated in Tianjin, Shaanxi, Hebei and other provinces or cities, while geothermal heat pumps are mainly located in Shenyang and Dalian City. Spa treatment and tourism are geographically concentrated in Beijing and southeast coast, while fish farming and agriculture are in Northern China [41] .
Geothermal Utilization of Geothermal Energy
China, one of the earliest countries to make use of geothermal energy in the world, has a history of more than 2000 years of utilization of geothermal energy, especially hot springs. Direct use of geothermal energy in China has ranked first in the world for many years. According to the report of the World Geothermal Conference in 2010 and 2015 [42, 43] , geothermal direct use is shown in Table 4 . The sum of geothermal heating area reached 6.03 × Geothermal energy was widely used in textile, wood, agriculture drying industries as well as in mineral water production [44] . In 2014, the total installed capacity of agricultural drying and industrial process heat reached 95 and 169 MWt, equivalent to annual energy utilization of 1198 and 3304 TJ, respectively. Hot springs were used for bathing, swimming and medical care and promoted the investors developing local tourism, so the hot spring industry was concentrated on tourism, real estate In the development of geothermal, the growth of geothermal heating was the fastest, followed by the development of ground source heat pump.
Geothermal Power Generation
Geothermal power plants can be basically divided into two groups: steam cycles and binary cycles [45, 46] . In the steam cycle the geothermal fluid is allowed to boil or "flash" above the boiling point by lowering the pressure. After becoming a two-phase fluid, the steam is separated from the brine and expanded in a turbine [47] . The process of lowering the pressure to boil the fluid is called the "flash process". The binary cycles use a secondary working fluid in a closed cycle. Heat exchangers are used to transfer heat from the geothermal fluid to the working fluid, the working fluid is vaporized and expanded in a turbine, and the cooled geothermal fluid is reinjected to the reservoir [10] . The first geothermal power generation station in China was established in December 1970 in Dengwu Village of Fengshun County, Guangdong Province, whereby China became the eighth country to use geothermal energy for power generation in the world. In 1971, China's first geothermal binary power station using 67 • C geothermal water with a capacity of 50 kWe was constructed in Wentang Village of Yichun County, Jiangxi Province. After that, five medium-low temperature geothermal power stations were built in Hunan, Guangxi, Shandong, Liaoning, and Heibei [48] . However, at the end of 1970s, only the power stations in Guangdong and Hunan were in operation [49] . China's geothermal power generation has some progress in recent years due to the application of the screw expander power unit. [43] .
Geothermal projects are designed to be within time, budget, planned specification and legal and regulatory provisions while meeting the project objectives [50] . The cost of geothermal power development and production is affected by various kinds of parameters. Since power facilities have an expected lifetime, power costs of energy corresponds to the cost of power that amortizes all capital costs incurred over the expected life time of the power plant. The initial capital costs and financial interests are thus spread out over the total amount of energy produced throughout the entire production life of the power facility. The cost have two major components: (1) the initial capital investment and (2) operation and maintenance (O&M) costs [51] .
The initial investment cost involved in the development and construction projects, including surface survey, drilling evaluation, exploration, construction and a series of related costs while operation and maintenance (O&M) costs are required by all plants to keep the power system in good working condition. Once the developer's rights on the resource are secured, geothermal power development typically begins with an exploration phase to define the geothermal resource. The confirmation phase which follows, seeks to confirm the power production potential of the resource as well as the economic feasibility of the project. Once both these phases are successful, the site development phase may begin. Major components of the site development phase are well drilling, steam gathering, and power plant construction. Most projects also require the construction of additional transmission infrastructure to be connected to the grid. Various kinds of permits (e.g., environmental, construction, etc.) are required for these phases and the process to obtain them may result in significant cost increases for the project.
The cost for different energy types are listed in Table 5 [52] [53] [54] . It calculates the levelized costs for new generation resources, plants entering service in 2022 while levelized cost of electricity (LCOE) was often cited as a convenient summary measure of the overall competiveness of different generating technologies which represented the per-kilowatthour cost (in real dollars) of building and operating Energies 2016, 9, 709 9 of 20 a generating plant over an assumed financial life and duty cycle. Key inputs to calculating LCOE included capital costs, fuel costs, fixed and variable operations and maintenance (O&M) costs, financing costs, and an assumed utilization rate for each plant type [53] . It consisted of 65.72% of the total system LCOE while fixed O&M cost reached 30.97% in 2022. The cost of geothermal energy would represent the smallest cost of all estimated LCOE for new generation resources while the capacity factor would be the highest in 2022. In other words, geothermal generation power has a great future potential however the initial investment which was related to surface survey and drilling evaluation and to the need to cover the geological risk at the beginning of the exploration would need a large amount of capital investment. Meanwhile the construction of geothermal power stations takes 3 to 5 years while it would take more than 10 years from surface survey to power construction [52] . According to Barbier [55] , geothermal prices were heavily increased by the long project development time, high cost and risk of exploratory drilling. Drilling can account for up to 50% of the total project cost [56] . According to the Japan Geothermal Association, the cost of z geothermal development with 50 MW was estimated at approximately US$300 million and its breakdown was US$100 million for plant construction, US$150 million for drilling of production and reinjection wells, US$20 million for surface survey with exploratory drilling and resource evaluation, and others costs, including US$30 million for environmental impact assessment while the breakdown of the estimated cost was not always applicable to every project, but considerable funds were required for drilling production and reinjection wells and plant construction [23] . High initial investment, long payback time and construction time are the main reasons that the geothermal industry is far behind other renewable energies. Therefore, for the initial investment subsidy in fiscal policies, a large amount of capital investment is required. 
Research Methods
Characteristics of the Effects of Fiscal and Taxation on Geothermal Industry
Fiscal and taxation policies are regulations that act as a means of economic operation. The government uses them to adjust the demand and supply of the geothermal industry. For promoting the development of the geothermal industry, the government directly gives subsidies, government procurement and transfer payments to the geothermal industry. Meanwhile, it can also give more preferential tax relief ways. Among the development stages of the geothermal industry, it is necessary that the government input the direct subsides as the incentives before the geothermal industry comes into the commercial stage. Subsidies would be the main driving force for geothermal development. When the geothermal industry comes to the stage of commercial operation, the government should use taxation policies to adjust its development. If a certain degree of incentives should be maintained for the geothermal industry, it should concentrate on the market mechanism. The major fiscal and taxation policies are shown in Table 6 . This paper classifies the process of geothermal industry into five stages: surface survey and evaluation, research and development, utilization and O&M, beginning of commercialization and commercialization. Meanwhile, on the subsidies side one might include not only direct government transfers and tax breaks, which are primarily emphasized already, but also the monetized value of mandates to use minimum amounts of specific energy sources and other special privileges that might be granted to utility companies to use one type of resource relative to another [51] . The purpose of subsidy programs is to cause supply or demand for the geothermal energy sources to be greater than they would be in a free market. Overall, in the geothermal industry, subsidies should be focused on the life cycle of geothermal industry from surface survey to utilization and should be given to the producers and consumers. The initial investment is very vital for geothermal development and the amount of subsidies should be more than in other stages. In the pre-commercialization phase, the government should give free tax policies to promote the geothermal industry. When the geothermal industry is in the commercial stage, the market of geothermal heating and electricity is mature and the investors can obtain their profits, the government may levy fees to make up for the input of subsidies in the initial phase. Table 6 . Different stages of geothermal industry for fiscal and taxation policies. 
Stages Surface Survey and Evaluation
Research and Development
Utilization and O&M
Beginning of Commercialization
Systematic Dynamic Model
The system dynamics methodology was developed to analyze complex systems and improve decision-making and policy formation. The methodology identifies the system under consideration and its boundaries, and uses mathematical equations to represent relationships and feedback loops among key elements of the system [57] . This enables the generation and analysis of a range of scenarios [58, 59] . SD is applied in business planning, public policy management, energy and environment policy, and dynamic decision making. SD is the use of informal maps and formal models with the aid of computer simulation to uncover and understand endogenous sources of system behaviour. Simulation modelling is an essential aspect of SD [60, 61] . Generally, SD can be defined as "a theory of system structure and a set of tools for representing complex systems and analyzing their dynamic behaviour" [62, 63] . The modelling procedure in SD comprises: definition of problem, hypothesis formulation, developing simulation model, model testing and policy design and assessment. The structure of the system is represented by interrelationships among the parameters and processes and feedback loops in the model structure [64] . By modelling these feedback loops, one gains insight into the dynamic complexity of actions, as well as their short and long-run effects. Another advantage of SD is that it is not limited to the numerical data sources; rather it draws from different sources of information and data types, and can be applied to varied fields and disciplines.
System Dynamics tools and techniques include two categories: Causal Loop Diagrams and System Dynamics Computer Models [65] . They can be used to handle the most complex system complexities, thereby very valuable information can be obtained [66] . China's geothermal industry is just in the early stages of development, and data from the geothermal industry is not available. Therefore, this paper adopts the Causal Loop Diagrams to analyze the fiscal and tax policies of the geothermal industry. Causal Loop Diagrams are an important tool for illustrating the structure of the system feedback, which consists of a positive feedback loop and a negative feedback loop. The feedback loop is connected in a causal chain which has algebraic polarity. Table 7 shows the polarity of the causal chain. One is a positive (+) causal chain. The greater the dependent variable is, the greater the variable results come up. The other is a negative (−) causal chain. The greater the dependent variable is, the smaller the variable is [67] . Table 7 . Polarity of the causal chain.
Code Explanation
industry will influence the development system of geothermal energy from five respects:
(1) Increase the fiscal support from surface survey of geothermal resources to start the geothermal industry; (2) Approve the subsidy for surface survey, drilling evaluation, exploration and utilization to cut the costs of the geothermal industry, and a long term subsidy to stimulate the geothermal industry; (3) Lower the circulation tax, resources tax, corporate income tax and other taxes and increase the carbon tax, to encourage technical research to promote the development of the geothermal industry; (4) Provide carbon taxes to restrict the use of the traditional resources; (5) Lower the costs of the geothermal industry to increase the profit to affect the demand for geothermal energy. Table 7 . Polarity of the causal chain.
If X increase (decrease), Y increase (decrease) above (below) the amount of the original data.
If X increase (decrease), Y decrease (increase) below (above) the amount of the original data.
Results
Fiscal Policies Affecting on Geothermal Industry
The risk of investigation of geothermal resources is relatively bigger, so the requirement of technology and exploration costs are higher. Provided with the support and help from the government, the enterprises would be willing to explore and invest in the geothermal energy. Surface exploration and drilling evaluation are essential tasks for the geothermal industry and account for the main initial investment. If the country or enterprises cannot evaluate the geothermal energy and uncertainty of geothermal industry rises, no one would like to develop the geothermal industry [80] .
The government uses investments and subsidies to increase the investment in geothermal industry. Table 8 industry will influence the development system of geothermal energy from five respects:
Code Explanation
Results
Fiscal Policies Affecting on Geothermal Industry
The government uses investments and subsidies to increase the investment in geothermal industry. Table 8 The SD approach has been considered in the sustainable management of energy systems, while it has not been addressed in the development of the geothermal industry. Scholars use SD methodology to simulate the process of energy efficiency improvement [23] [24] [25] [26] and the behavior of the clean energy sectors [68, 69] . SD models are widely built to explore the effects of energy consumption and emission reduction policies [70] [71] [72] [73] [74] [75] . Some scholars have applied system dynamics models to simulate the development of nuclear power [76] , photovoltaic power [77] , unconventional oil [78] , electricity industry [79] to simulate the developing trends and explore the support policies . The reasons to choose systematic dynamic model in this paper can be summarized as follows:
(1) The mechanism of fiscal and taxation is a complex system which includes different kinds of variables such as subsidies for surface surveys, drilling evaluation, exploration, utilization, O&M and taxes including circulation tax, resources tax, income tax, etc. Different kinds of variables influence the development of the geothermal industry in various nonlinear relations and interconnect with each other. (2) The mechanism is also a long term system and has a long term cause-and-effect relationship. If the activities of surface survey slows, the utilization of geothermal energy will have a feedback effects.
In all, there was no systematic analysis of geothermal industry and this paper established a SD model to simulate the development of geothermal industry. The fiscal and taxation of geothermal industry will influence the development system of geothermal energy from five respects:
(1) Increase the fiscal support from surface survey of geothermal resources to start the geothermal industry; (2) Approve the subsidy for surface survey, drilling evaluation, exploration and utilization to cut the costs of the geothermal industry, and a long term subsidy to stimulate the geothermal industry; (3) Lower the circulation tax, resources tax, corporate income tax and other taxes and increase the carbon tax, to encourage technical research to promote the development of the geothermal industry; (4) Provide carbon taxes to restrict the use of the traditional resources; (5) Lower the costs of the geothermal industry to increase the profit to affect the demand for geothermal energy.
Results
Fiscal Policies Affecting on Geothermal Industry
The risk of investigation of geothermal resources is relatively bigger, so the requirement of technology and exploration costs are higher. Provided with the support and help from the government, the enterprises would be willing to explore and invest in the geothermal energy. Surface exploration and drilling evaluation are essential tasks for the geothermal industry and account for the main initial investment. If the country or enterprises cannot evaluate the geothermal energy and uncertainty of geothermal industry rises, no one would like to develop the geothermal industry [80] . The government uses investments and subsidies to increase the investment in geothermal industry. Table 8 shows the total investments in geothermal industry in China. It illustrates that the funds are increasing from 2.1% of the total investment in 2002-2004 to 8.7% in 2010-2014. The intial investments in the geothermal industry mainly focused on field development, including production drilling and surface equipment, which reached US$424.7 million. From 2010 to 2014, a total of US$97 million has supported the projects of survey and assessment of geothermal resources in China from the Ministry of Land and Resources. It would find shallow geothermal energy and conventional geothermal energy resources and it included a preliminary study for hot dry rock resources [44] . However, the total investments in the geothermal industry from the public funds are smaller than those from private enterprises. For the investments in research and development, key technology research for geothermal development has focused on prospective hot dry rock projects as key points. Jilin University combined with other universities and research institutes received grants for the research named "Key Technology Research on Development and Integrated Utilization of Hot Dry Rock Heat Energy" from the Ministry of Science and Technology (MOST) as "863 Project". Another HDR research topic from Ministry of Land and Resources (MLR) would carry out test drilling in Tibet and Yunnan or in the southeast coastal region. Another MOST funded "863 Project" named "Key Technology Research and Demonstration of Medium-Low Temperature Geothermal Power Generation" was carried out to promote the geothermal power generation technology. Its target was a 500 kWe prototype of binary circle power generator with thermal efficiency higher than 6% [39] . Strengthening support for the innovation of geothermal development technology is essential and the key to the development of geothermal industry lies in the development of core technology. Technological innovation is an important driving force to reduce the cost of geothermal energy. However, our country has a small part of geothermal innovative technologies and it is necessary to set up more special fund to support development of geothermal technology innovation.
For the geothermal electrical use, the government instituted a feed-in tariff that paid businesses and homeowners a premium price for the geothermal electricity in Tibet. The cost of geothermal electricity was 0.7 RMB/kWh. The government gave the subsidy of 0.65 RMB/kWh to the geothermal electricity businesses. In fact, the feed-in tariff of geothermal electricity was 0.9 RMB/kWh which was higher than the 0.5 RMB/kWh of the wind electricity, and lower than PV electricity which was 1 RMB/kWh. It estimated that Longyuan Yangbajing geothermal power station in Tibet could get begin to get investment returns within 8-10 years and then it could come to the commercial stage and be profitable. Subsidies to producers and consumers are an effective way to encourage enterprises to develop the industry and incentivize consumers to utilize the geothermal energy. Figure 2 is a circuit diagram of the causal impact of fiscal and tax policies on the geothermal industry. With the growth of exploration investment, the number of proven reserves of geothermal resources and recoverable reserves will increase, so that the willingness of enterprises to explore and develop geothermal industry may be enhanced. The increase of the exploitation will affect the utilization of geothermal resources. The numerous geothermal resources lead to the decreasing price of geothermal heating and geothermal electricity. As a result, it can decrease the expected price and encourage consumers to use geothermal heating rather than coal or gas. When the enterprises can 
Tax Policies on Geothermal Industry
Circulation Tax
Circulation tax (CT) in geothermal industry includes value-added tax (VAT), business tax (BT), urban maintenance and construction tax (UMCT) and education surcharge (ES). VAT is the main tax in CT on the production and circulation in geothermal industry. VAT is a tax levied on the production of geothermal energy. Considering that there is little deductible input tax, the normal VAT, which is up to 17%, is not reasonable, and that increases the cost of geothermal development and utilization of the project. State and local governments have not yet developed a unified VAT rate for the geothermal industry, but the preferential policies on the part of the new energy industry have been given. The wind power industry is subjected to a 8.5% tax; the rate of artificial methane and biomass is 13%; small hydro is 6%. Currently geothermal industry is in the early stage of development. VAT can not only reduce the burden of running the project, but also reflect fairness for new energy development. The tax rate in the geothermal industry should be 6% according to the minimum rate. Lower VAT can decrease the orgaic capital investment, reduce the industry burden significantly, and enhance technological innovation incentives. BT in geothermal is a tax payable against turnover by all enterprises and individuals undertaking the following business activities: providing taxable services, including communication, transport, heating or electricity power construction, finance and insurance, and service industries; transferring the provision of intangible assets; and selling immovable properties. BT is paid based on CT. The geothermal industry is more complex, an distributed in various industries. It may be levied in accordance with the minimum rate of 3%.
Urban maintenance and construction tax (UMCT) and education surcharges (ES) in the geothermal industry are levied on the basis of valued add tax and business tax. VAT in the geothermal industry is equal to the output VAT reduced by income tax. VAT is levied by enterprises rather than consumers, so that VAT increases the burden of consumers. If the UMCT and ES were to increase, the costs of geothermal heating and thermal electricity would rise. VAT has an effect on the amount of consumption. The rising price of geothermal heating and electricity causes CT to soar and that will increase the cost of geothermal exploration. The rising cost leads to the increasing price of geothermal heating and electricity. In that way, the tax increases the price strongly. CT increases the cost of geothermal exploitation and decreases the profits of enterprises. Therefore, it will affect the incentives of geothermal exploration and utilization in the geothermal industry.
Resources Tax
Resources Tax (RT) in the geothermal industry is a tax on profits generated from the drilling exploration of geothermal resources and it adjusts the interests of the relationship between the various economic agents of a fiscal and taxation system. RT mainly consists of royalties, compensation fees for resource depletion, ecological compensation fees and so on. The role of RT is 
Tax Policies on Geothermal Industry
Circulation Tax
Resources Tax
Resources Tax (RT) in the geothermal industry is a tax on profits generated from the drilling exploration of geothermal resources and it adjusts the interests of the relationship between the various economic agents of a fiscal and taxation system. RT mainly consists of royalties, compensation fees for resource depletion, ecological compensation fees and so on. The role of RT is similar to the compensation fee for resources depletion levied before. In China, the enterprises should pay the resources tax and compensation fee for resources depletion in the same time. Currently departments from different administrations levy the taxes, which results in chaos and increases the burden of the enterprises [81] . Regarding the high cost and long-term period of geothermal exploration, RT should be free or low rate to reduce the costs of the geothermal industry and promote its development. When the industry comes into the commercialization stage, the tax rate could return to 5%, the normal tax of the renewable energy development.
Carbon Tax
Carbon tax is a tax levied on the carbon content of fuels. It offers a potentially cost-effective method to reduce greenhouse gas emissions. The attraction of a carbon tax in China would not rest mainly on its contribution to avoiding climate change, but rather its contribution to reducing air pollution, which derives heavily from the use of coal and, increasingly, from automotive emissions in the larger cities. Therefore, the enterprises will transfer their investment into the renewable energy industry, especially to the geothermal industry. In the geothermal industry, there are the least carbon emissions compared with other resources. China's policy on reducing carbon emissions has attracted worldwide attention. The need to reduce carbon emissions would promote a huge investment in the future to solve the problem for a long period of time. It is recommended to establish a first pilot of a small carbon tax on the basis of the current situation. According to the current domestic electricity prices to ease the pressure, the levied carbon taxis recommended as 10 yuan/tonne [82] .
Corporate Income Tax and Other Taxes
State Administration of Taxation issued the regulation "Enterprise Income Tax Law" and implemented regulations issued on the "State Administration of Taxation on the implementation of high-tech enterprise income tax issues related to notice". It implements income tax relief for high-tech enterprises. The main regulations include: high-tech enterprises' tax rate was reduced to 15%; the expenses incurred in developing new products, new technologies and new techniques shall be deducted before calculation of enterprises' income tax in accordance with taxation laws. From the profit-making year, the enterprise income tax will be exemptible for the first three years and at half rate reduction for the subsequent three years. Corporate income tax (CIT) in the geothermal industry are levied at a 15% rate after the first three-years of free tax and the next three year at a half rate reduction. It is not the levied directly on the price, but it will affect the cost of geothermal exploration. When CIT in geothermal industry decreases, the profits from geothermal industry would be lower, so that the price of geothermal heating and thermal electricity may move up in the indirect way.
There are tariffs, land use taxes, environmental monitoring costs, environmental management compensation, pollutant discharge fees, customs duties, import and export value-added taxes, and farmland occupation tax in the geothermal industry. A tariff is a tax on imports or exports. These taxes will increase the cost of exploration, thereby stimulating costs. China began to encourage the development of national projects with tax-exempted imported equipment, and the tax on imported equipment has been free since 1998. The imported equipment from China's foreign investment in renewable energy projects and domestic investment in renewable energy project for self-use has been exempt from tax since 2004. Therefore, other taxes are exempt for the implementation of the geothermal industry.
Profits Affecting on Geothermal Industry
The geothermal industry consists of five important components: surface survey, drilling evaluation, exploration and development (geothermal engineering design and construction), utilization (heating and electrical use) and O&M. There are delays in the industrial cycle, because starting new exploration activities may take several years to find new reserves of geothermal resources. Before the utilization, the infrastructure may need time for construction. Government encourages enterprises to do new exploration of geothermal energy and the enterprises can benefit from the return on the use of resources and income subsidies. If the expected return is attractive, exploration companies will develop geothermal energy and production. If companies were to believe that the expected return is low, they would not be willing to begin a new exploration and exploitation of geothermal energy. Exploration and development activities are relatively independent of capital investment decisions on the basis of which companies may decide to start exploration and development, and then expect to decide whether to grant development and production. There is an inherent uncertainty from exploration to actual development, which makes investment in exploration and development a very difficult and extremely complex process. Therefore, stability and predictability of the supply of geothermal resources has an extremely important role.
5.2.6. Taxation in the Geothermal Industry Table 9 shows the results of taxes at the different stages of the geothermal industry. Geothermal enterprises pay various taxes which increase the cost of geothermal exploration and taxes increase the price of geothermal heating and thermal electricity. Changes in corporate profits will affect the exploration, development and utilization of geothermal industry as well as other activities. While the CT, RT are levied in accordance with a certain percentage of the price, these taxes will result in rising prices which directly increase the cost of geothermal enterprises. Corporate income tax (CIT), land use tax, carbon tax, farmland occupation tax and other taxes will also increase the cost when the geothermal industry comes reaches the commercialization stage. Whether this part of the cost can be passed on to the price of geothermal heating and geothermal electricity directly, affects the exploration, development and utilization of the geothermal industry. The price of geothermal heating and geothermal electricity is subject to strict government control. If the price are lower than the market equilibrium price after government subsidies, this could promote the development of the geothermal industry to reduce costs and improve the development and utilization of geothermal initiatives. Considering the of fiscal and tax mechanism system, the government should lower the various taxes in the geothermal industry to promote the healthy development of geothermal energy for our national energy security.
Conclusions
The geothermal industry has great potential for future world energy supply. The business knowledge in the field is increasing fast and the number of enterprises in the geothermal industry is growing. China's geothermal energy potential is tremendous and the Chinese government considers energy conservation and emission reduction as a national development strategy. China has positive policies with geothermal subsidies to promote the geothermal industry, but it has no systematic mechanism of fiscal and tax policies. This paper made the efforts to highlight the contribution of systematic dynamics for fiscal and tax policies in the geothermal industry.
(1) Promoting the geothermal industry is a complex system involving exploration, evaluation, development and utilization. In China, every stage of the geothermal industry should be focused on. Even though China's recent policies actions have broken the high-cost limitation and stimulated investment in the geothermal industry, utilization of geothermal heating and geothermal electricity are undoubtedly facing enormous development opportunities. (2) From the results of a systematic study of the fiscal and tax dynamics in the geothermal energy sector, fiscal and taxation policies interact with each other in the development of the geothermal industry. Regarding China is in the pre-commercialization stage, the various subsidies should be put into the geothermal industry such as surface survey, drilling evaluation, exploration, utilization and O&M. The government should increase the the initial investment of survey and drilling to the manufacturers which plays an important role to start the geothermal industry and strengthen support for the innovation of geothermal technologies and grant feed-in tariffs to consumers. These provide fiscal support to convert small electricity consumers to producers. Before the geothermal industry comes to the commercialization stage, China should give various and long term subsidies and levy less tax while it should levy the tax when the market of the geothermal industry becomes mature. (3) Geothermal enterprises pay various taxes in the different stages of the geothermal industry.
The government should use taxation policies as a leverage to enhance the development of the geothermal industry before and after commercialization.
